of procaine on dibutyryl adenosine 3',5'-cyclic monophosphate ((Bu)2cAMP)-, Ca t+ or forskolin-induced steroidogenesis were examined in isolated bovine adrenocortical cells. Procaine (<1.0 mM) caused a marked sup pression of (Bu)2cAMP or forskolin-induced steroidogenesis in the absence of extracellular Cat', but did not affect on Cat+-induced steroidogenesis in the cells. (Bu)2cAMP decreased the cell associated 45Ca2+. However, procaine (300 fM) inhibited this effect of (Bu)2cAMP.
Abstract-Effects
of procaine on dibutyryl adenosine 3',5'-cyclic monophosphate ((Bu)2cAMP)-, Ca t+ or forskolin-induced steroidogenesis were examined in isolated bovine adrenocortical cells. Procaine (<1.0 mM) caused a marked sup pression of (Bu)2cAMP
or forskolin-induced steroidogenesis in the absence of extracellular Cat', but did not affect on Cat+-induced steroidogenesis in the cells. (Bu)2cAMP decreased the cell associated 45Ca2+. However, procaine (300 fM) inhibited this effect of (Bu)2cAMP.
These results suggest that procaine may abolish (Bu)2cAMP-induced Ca2+ release from intracellular calcium store(s) and inhibits steroidogenesis.
It is well-known that cyclic AMP plays an obligatory role in adrenocortical steroido genesis (1) (2) (3) .
In fact, dibutyryl adenosine 3',5 ' Ca2+-influx (6). We call this effect "Ca2+-induced steroidogenesis". Procaine, one of the local anesthetics, has been reported to inhibit Ca2+-induced Ca2+ release from sarcoplasmic reticulum in smooth (7) and skeletal muscles (8, 9) . In the present study, in order to determine whether procaine has influence on steroidogenesis via cyclic AMP or not, effects of procaine on (Bu)2 cAMP-, forskol.in and Ca2+-induced ste roidogenesis were examined by using of isolated bovine adrenocortical cells. It was reported that forskolin increases intracellular cyclic AMP levels and stimulated steroid pro duction in rat adrenal cells (10) and rat ovarian tissue (11) .
Materials and Methods Preparation
of the cell suspension and incubation: Isolated adrenocortical cells were obtained from bovine adrenals by the trypsin digestion method (12) . The isolated cells were suspended in Ca2+ free Krebs-Ringer bicarbonate buffer (pH=7.4) containing: 123 mM NaCI, 5.9 mM KCI, 1.2 mM KH2PO4, 25.0 mM NaHCO3, 1.2 mM MgSO4.7H2O, 0.2% (W/V) glucose, 0.3% (W/V) bovine serum albumin, 10 /cM EGTA and 0.2% (W/V) trypsin inhibitor (Ca2+-free KRBGAT buffer). The reaction mixture of 0.5 ml Ca2+-free KRBGAT buffer in the presence or absence of test reagents ((Bu)2cAMP, Ca2+, forskolin and local anesthetics) was incubated at 37 °C for 1 hr under 95% 02-5% CO2 as the gas phase using 1.9 X 105 to 2.4x105 cells per tube.
Corticoid assay: Corticoid was determined fluorometrically by the method of Silber et al. (13) using cortisol as a standard. Determination of (Bu)2cAMP-induced 45Ca2+ efflux: Calcium flux studies were per formed by the method of Keppens et al. (14) . Briefly, after the cells were preincubated at 37°C for 30 min with 45CaC12 (approx. 29.6 kBq 45CaC12 plus 0.6 mM Ca2+/5.0x105 cells) in the Ca2+-free Krebs-Ringer N-2 hydroxyethylpiperazine N'-2-ethanesulfonic acid (HEPES) buffer (pH=7.4) containing 123 mM NaCl, 5.9 mM KCI, 1.2 mM KH2PO4, 1.2 mM MgSO4.7H2O, 0.2% glucose, 0.3% (W/V) bovine serum albumin, 10 ,uM EGTA and 25 mM HEPES (Ca2+-free KRHGA buffer), the cells were washed twice in Ca2+ free KRHGA buffer by centrifugation at 300x g for 10 min at 4°C, and incubated at 37°C for 10 min with the same buffer in the presence or absence of test reagents (1.0 mM (Bu)2 cAM P or 300 tiM procaine). At the end of incubation, the cell suspension was filtered under vacuum through a Whatman GF/A glass fiber filter (25 mm) and then washed with 10 ml of ice-cold solution of 10 mM HEPES, 150 mM NaCl, 5 mM CaCl2 and 0.1 mM LaCl3 (pH=7. 4 
Results
As shown in Fig. 1 , marked inhibitory effect of procaine was observed on 1.0 mM (Bu)2 cAMP-induced steroidogenesis in the ab sence of extracellular Ca2+ (approximate to and Cat+-induced steroidoge:lesis in isolated bovine adrenocortical cells. Incubation was performed at 37°C for 1 hr under 95% 02-5% CO2 as the gas phase in the presence of 1.0mM (Bu)2 cAMP or 1.2 mM Ca 2+ with local anesthetics.
Cortisol production was expressed as % of each maximum response ((Bu)2cAMP: 189.4±3.8, Ca 2+: 164.1±7.5 (pmol/105 cells/hr)).
Each value presents the mean±S.E. of triplicate determinations using 2.1-2.4x105 cells per tube. After the cells were preincubated at 37°C for 30 min with 45CaC12, they were washed twice by cen trifugation and then incubated at 37°C for 10 min in the presence or absence of test reagent (1.0 mM (Bu)2cAMP and 300 ,uM procaine). Each value presents the mean±S.E. (n=9) of three separate experiments.
IC50=300
,uM). This concentration of pro caine did not inhibit 1.2 mM Ca2+-induced steroidogenic response in bovine adrenocor tical cells. Lidocaine and dibucaine had an in hibitory effect on both 1.0 mM (Bu)2cAMP and 1.2 mM Ca2+-induced steroidogenesis at concentrations up to 1.0 mM. Figure 2 indicates the effects of procaine on (Bu)2cAMP or forskolin-induced steroido genesis in the presence or absence of 1.2 mM Ca2+ in isolated bovine adrenocortical cells. There is a marked inhibitory effect of procaine on 1.0 mM (Bu)2cAMP or 5 ,uM forskolin induced steroidogenesis in the absence of extracellular Ca2+. Figure 3 shows the effect of procaine on the cell associated 45Ca2+ as a function of 1.0 mM (Bu)2cAMP-induced 45Ca2+ efflux from intracellular calcium store(s). There was a significant return to the control value (in the absence of both (Bu)2cAM P and pro caine) from the 1.0 mM (Bu)2cAMP-evoked 45Ca2+ decrement by 300 pM procaine .
Discussion
Procaine, at the concentration up to 1 .0 mM, markedly inhibited (Bu)2cAMP-induced steroidogenesis, whereas Ca2+-induced steroidogenesis was not affected (Fig. 1) , and it inhibits (Bu)2cAMP
and forskolin-induced steroidogenesis in the absence of 1.2 mM Ca2+ (Fig. 2) . (Bu)2cAMP-induced 45Ca21 efflux was inhibited by 300 ,uM procaine (Fig.  3) , suggesting that procaine blocks the proc esses of (Bu)2cAMP-induced Ca2+ release from intracellular calcium store(s) in bovine adrenocortical cells and inhibits steroido genesis.
In general, local anesthetics.in their charged forms probably inhibit sodium flux by acting on specific intramembrane receptors that con trol gating mechanisms responsible for con ductance changes in sodium channels (15) . The ability of local anesthetics to interfere with calcium movement in the adrenal medulla is strikingly similar to their ability to block the membrane transport of sodium ions in nerves (16) . At present, besides the report that procaine and dibucaine inhibit medullary catecholamine release from perfused cat adrenal glands in response to calcium (rela tive inhibitory ratio of catecholamine release is procaine:dibucaine=1:122) and that the inhibitory action of these anesthetics has a direct influence on calcium flux (16), the authors have not found any reports con cerning the effect of local anesthetics on the steroidogenic action in bovine adrenocortical cells.
The charged form of procaine (at pH 7.4) has been reported to act on the sarcolemma to displace calcium and on the sarcoplasmic to inhibit caffeine-induced calcium release using sarcoplasmic reticulum obtained from rabbit gastrocnemius muscle (8) . Procaine (20 mM) has been shown to inhibit 10 mM caffeine but not 1 ,aM inositol trisphosphate (InsP3) stimulation of peeled rabbit adductor magnus fiber (sarcolemma removed) force generation (9) . Inhibitors of Ca2+-induced Ca2+ release such as procaine and tetracaine do not inhibit depolarization-induced Ca2+ release (7). On the other hand, Ca2+-induced steroid production was significantly inhibited by lidocaine and dibucaine, whereas procaine did not decrease it (Fig. 1) . Since the local anesthetics such as lidocaine and dibucaine have an inhibitory effect on both calmodulin (17) and Ca2+-activated/phospholipid-de pendent protein kinase (18, 19) , and further more, because dibucaine has a direct in hibitory action on calcium influx at the con centration of 13 ,aM (16) , these drugs may show a high degree of inhibitory effect on (Bu)2cAM P or Ca2+-induced steroido genesis.
Therefore, our present results demonstrate that procaine has a specific inhibitory effect, while other local anesthetics have non spe cific effects on the Ca2+ release from the in tracellular calcium store(s) by cyclic AMP. Thus, it is feasible to surmise that at least, the site of action of procaine may abolish the Ca2+ release from the intracellular calcium store(s) by cyclic AMP in bovine adrenocortical cells. Procaine may be a "pharmacological tool" to study the Ca2+ release from adrenocortical cells by cyclic AMP.
